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Table	S1.	CASSCF/NEVPT2	calculations	testing	the	size	of	the	active	space	and	number	of	states	for	determining	the	zero	field	splitting	parameter,	D,	and	the	energies	of	the	lowest	MS	sublevels	(ES1	–	ES4).	The	experimental	values	are	given	in	Figure	1	of	the	main	text.	Structure	 Active	Space	(e-,	Orbital)	 States	(Q	,	T,	S)	 Dc	 ES	1c	 ES	2c	 ES	3c	 ES	4c	[Fe(H2O)6]2+	expa	 6,	5	 3,	0,	0	 5.6	 5.5	 5.5	 22.4	 22.4	5,	0,	0	 7.4	 7.3	 7.3	 29.5	 29.5	5,	0,	1	 7.4	 7.3	 7.3	 29.7	 29.7	5,	0,	15	 7.2	 7.1	 7.1	 28.6	 28.6	5,	1,	0	 9.2	 9.1	 9.1	 36.8	 36.8	5,	3,	0	 8.6	 8.5	 8.5	 34.2	 34.2	5,	6,	0	 8.3	 8.2	 8.2	 33.2	 33.2	5,	1,	1	 9.5	 9.4	 9.4	 37.8	 37.8	
5,	17,	15	 9.6	 9.6	 9.6	 38.6	 38.6	
5,	45,	50	 9.4	 9.4	 9.4	 37.7	 37.7	10,	7	 5,	17,	15	 9.7	 9.7	 9.7	 38.9	 38.9	
5,	45,	50	 9.5	 9.5	 9.5	 38.0	 38.0	[Fe(H2O)6]2+b	 6,	5	 3,	0,	0	 19.8	 10.4	 23.4	 78.2	 79.4	5,	0,	0	 19.6	 8.0	 27.7	 78.0	 80.8	5,	0,	1	 19.9	 8.3	 27.8	 79.2	 81.9	5,	0,	15	 18.8	 7.8	 27.1	 75.1	 77.8	5,	1,	0	 17.1	 4.7	 29.6	 69.5	 73.9	5,	3,	0	 19.2	 7.0	 29.7	 77.0	 80.5	5,	6,	0	 18.8	 6.7	 29.3	 75.3	 78.8	5,	1,	1	 17.9	 5.6	 29.1	 72.3	 76.0	
5,	17,	15	 18.3	 6.0	 30.3	 73.6	 77.7	
5,	45,	50	 19.3	 6.6	 31.0	 77.5	 81.5	10,	7	 5,	17,	15	 18.1	 5.9	 30.3	 73.0	 77.1	
5,	45,	50	 19.2	 6.5	 31.0	 76.9	 81.0	a	Neutron	diffraction	structure;	b	BP86	optimized	structure;	c	cm-1		Calculations	utilizing	either	6,	5	or	10,	7	active	spaces	with	5	quintets,	17	triplets,	and	15	singlets	or	5	quintets,	45	triplets,	and	50	singlets	provide	similar	overall	ZFS	parameters.	Thus,	we	have	employed	the	6,	5	active	space	with	5	quintets,	17	triplets,	and	15	singlets	for	all	calculations	in	this	research	unless	otherwise	specified.		 	
 
S6 
Table	 S2.	 DFT	 calculated	 vibrational	 modes	 for	 the	 neutron	 diffraction	 structure	 of	[Fe(H2O)6]2+,	 including	 their	 energies,	 mode	 classifications,	 symmetry	 labels,	 and	 scaled	vector	displacements.	Note	only	the	main	vibrations	given	in	Figure	2	of	the	main	text	are	formally	assigned	symmetry	labels.	
Mode		 Energy	/	
cm-1	













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table	 S4.	 Spin-phonon	 coupling	 fits	 for	 the	neutron	diffraction	 structure	 of	 [Fe(H2O)6]2+	including	linear	and	quadratic	fits	vs.	Qi.	Note	only	ligand–metal-based	modes	are	included	here.a	
Mode	 Energy/	cm-1	
Symm.							 Linear	 Quadratic	
m	 b	 r2	 a	 b	 c	 r2	19	 54.2	 -	 0.0005	 9.6478	 0.2354	 -0.1669	 0.0005	 9.6478	 0.9991	20	 117.4	 -	 0.0009	 9.6479	 0.0005	 -3.6605	 0.0009	 9.6481	 0.2829	21	 117.44	 -	 0	 9.648	 0	 5.4035	 0	 9.6478	 0.9579	22	 134.82	 t2g	 0.0016	 9.6474	 0.0022	 -4.6219	 0.0016	 9.6476	 0.6467	23	 134.83	 t2g	 -0.0251	 9.6475	 0.3251	 -4.5302	 -0.0251	 9.6477	 0.6794	24	 170.38	 -	 0.0007	 9.6476	 0.0016	 -1.5865	 0.0007	 9.6477	 0.2701	25	 170.43	 -	 0.0017	 9.6478	 0.0315	 -1.0044	 0.0017	 9.6479	 0.4025	
26	 181.11	 t2g	 -1.1179	 9.648	 0.9997	 3.1884	 -1.1179	 9.6478	 1	27	 217.05	 -	 -0.0006	 9.6479	 0.0015	 2.5998	 -0.0006	 9.6478	 0.9999	28	 244.13	 eg	(e)	 -0.0013	 9.6471	 0.0003	 -12.3896	 -0.0013	 9.6476	 0.8611	29	 244.16	 eg	(q)	 -0.0517	 9.6473	 0.4285	 -9.4148	 -0.0517	 9.6477	 0.9035	30	 333.54	 t2u	 0.0103	 9.6475	 0.0845	 -5.791	 0.0103	 9.6477	 0.9695	31	 333.57	 t2u	 -0.0003	 9.6478	 0.0001	 -2.6367	 -0.0003	 9.6479	 0.2667	






m	 b	 r2	 a	 b	 c	 r2	1	 63.88	 t2g	 -0.2965	 18.2752	 0.9260	 -13.7911	 -0.2965	 18.2758	 0.9929	2	 72.99	 -	 0.0000	 18.2758	 0.0000	 -5.5089	 0.0000	 18.2760	 1.0000	3	 79.01	 -	 0.0000	 18.2763	 0.0000	 5.2119	 0.0000	 18.2760	 0.9998	4	 80.85	 t2g	 0.7113	 18.2740	 0.8821	 -43.4159	 0.7113	 18.2759	 0.9919	5	 85.79	 -	 0.0000	 18.2760	 0.0000	 -1.8606	 0.0000	 18.2760	 0.9999	6	 94.01	 -	 0.6756	 18.2737	 0.8881	 -36.1517	 0.6756	 18.2753	 0.9730	
7	 105.6	 t2g	 -3.9211	 18.2763	 0.9999	 5.6769	 -3.9211	 18.2761	 1.0000	8	 106.24	 -	 0.0002	 18.2760	 0.0391	 0.2107	 0.0002	 18.2760	 0.9936	9	 129.13	 -	 0.0001	 18.2760	 0.0082	 0.1016	 0.0001	 18.2760	 0.9899	10	 138.63	 -	 0.0000	 18.2760	 0.0000	 -1.1844	 0.0000	 18.2760	 1.0000	
11	 170.62	 eg	(e)	 -21.2392	 18.2688	 0.9973	 -51.1583	 -21.2392	 18.2710	 0.9975	12	 179.06	 -	 -0.0002	 18.2758	 0.0000	 -6.3136	 -0.0002	 18.2760	 1.0000	
13	 227.31	 eg	(q)	 5.8232	 18.2728	 0.9946	 -71.2899	 5.8232	 18.2760	 0.9995	14	 234.35	 -	 0.0000	 18.2763	 0.0000	 5.1013	 0.0000	 18.2760	 1.0000	15	 260.87	 -	 0.0647	 18.2759	 0.7266	 -3.8828	 0.0647	 18.2761	 0.8138	16	 273	 -	 0.0025	 18.2762	 0.0309	 2.4386	 0.0025	 18.2760	 0.9995	17	 273.82	 -	 -26.8343	 18.2779	 0.9999	 42.4525	 -26.8343	 18.2760	 1.0000	18	 295.53	 t1u	 0.0000	 18.2763	 0.0000	 5.5721	 0.0000	 18.2760	 1.0000	19	 299.86	 t1u	 0.0001	 18.2757	 0.0000	 -7.3042	 0.0001	 18.2760	 1.0000	20	 309.74	 -	 0.6806	 18.2749	 0.9589	 -21.1585	 0.6806	 18.2759	 0.9899	






m	 b	 r2	 a	 b	 c	 r2	1	 -27.07	 -	 -1.7434	 37.9213	 1.0000	 0.5179	 -1.7434	 37.9213	 1.0000	2	 51.7	 -	 -0.3977	 37.9210	 0.9927	 -5.8971	 -0.3977	 37.9213	 1.0000	3	 55.9	 -	 -1.0249	 37.9212	 1.0000	 -1.1650	 -1.0249	 37.9213	 1.0000	4	 77.58	 -	 4.3730	 37.9212	 1.0000	 -1.7549	 4.3730	 37.9213	 1.0000	5	 82.76	 -	 -7.8728	 37.9209	 1.0000	 -8.0381	 -7.8728	 37.9213	 1.0000	6	 101.28	 -	 -0.9521	 37.9213	 1.0000	 -0.2290	 -0.9521	 37.9213	 1.0000	7	 107	 -	 -8.2866	 37.9212	 1.0000	 -2.1854	 -8.2866	 37.9213	 1.0000	8	 108.65	 -	 -5.4703	 37.9211	 1.0000	 -4.3460	 -5.4703	 37.9213	 1.0000	9	 119.15	 -	 2.1759	 37.9213	 1.0000	 -0.6089	 2.1759	 37.9213	 1.0000	10	 139.95	 -	 -0.7126	 37.9204	 0.9767	 -19.0634	 -0.7126	 37.9213	 1.0000	11	 152.57	 -	 -2.5939	 37.9213	 1.0000	 -0.1717	 -2.5939	 37.9213	 1.0000	12	 153.87	 -	 -2.1634	 37.9215	 0.9998	 4.7109	 -2.1634	 37.9213	 1.0000	13	 157.27	 t2g	 -2.2044	 37.9206	 0.9986	 -14.4823	 -2.2044	 37.9213	 1.0000	14	 159.05	 t2g	 2.8408	 37.9201	 0.9970	 -26.7532	 2.8408	 37.9213	 0.9999	
15	 167.6	 t2g	 -13.6336	 37.9216	 1.0000	 6.0703	 -13.6336	 37.9213	 1.0000	16	 235.45	 eg	(e)	 -2.1271	 37.9075	 0.6176	 -289.4976	 -2.1271	 37.9204	 0.9994	
17	 242.83	 eg	(q)	 -37.3585	 37.9221	 1.0000	 10.9126	 -37.3585	 37.9216	 1.0000	18	 307.49	 t1u	 2.6162	 37.9202	 0.9972	 -23.5627	 2.6162	 37.9213	 0.9999	19	 313.98	 t1u	 -5.4174	 37.9196	 0.9986	 -34.1913	 -5.4174	 37.9211	 1.0000	
20	 314.5	 t1u	 -14.6084	 37.9208	 1.0000	 -10.3869	 -14.6084	 37.9213	 1.0000	






m	 b	 r2	 a	 b	 c	 r2	1	 5.23	 -	 -1.2808	 38.4412	 1.0000	 0.9791	 -1.2808	 38.4411	 1.0000	2	 52.92	 -	 -1.8335	 38.4410	 0.9999	 -2.1155	 -1.8335	 38.4411	 1.0000	3	 58.14	 -	 0.7303	 38.4410	 0.9995	 -2.7182	 0.7303	 38.4411	 1.0000	4	 73.28	 -	 1.7488	 38.4407	 0.9990	 -9.4886	 1.7488	 38.4411	 1.0000	5	 83.62	 -	 8.0131	 38.4414	 0.9998	 -3.2021	 8.0131	 38.4415	 0.9998	6	 98.96	 -	 0.7636	 38.4411	 0.9999	 0.2713	 0.7636	 38.4411	 1.0000	7	 105.95	 -	 7.9593	 38.4393	 0.9992	 -39.6432	 7.9593	 38.4410	 1.0000	8	 107.49	 -	 0.5945	 38.4410	 0.9969	 -1.3249	 0.5945	 38.4411	 0.9971	9	 114.04	 -	 -0.7336	 38.4408	 0.9968	 -7.1054	 -0.7336	 38.4412	 0.9999	10	 143.09	 t2g	 2.2823	 38.4402	 0.9983	 -6.1131	 2.2823	 38.4405	 0.9986	11	 147.44	 -	 1.0898	 38.4399	 0.9791	 -27.5286	 1.0898	 38.4411	 1.0000	12	 149.29	 t2g	 1.8144	 38.4369	 0.9260	 -88.4080	 1.8144	 38.4408	 0.9994	13	 152.31	 -	 -2.7083	 38.4412	 1.0000	 0.8115	 -2.7083	 38.4412	 1.0000	14	 153.14	 -	 0.3148	 38.4401	 0.9260	 -13.9715	 0.3148	 38.4407	 0.9868	
15	 159.08	 t2g	 -13.1283	 38.4410	 1.0000	 2.0732	 -13.1283	 38.4409	 1.0000	16	 186.24	 eg	(e)	 -1.0652	 38.4271	 0.2711	 -300.8520	 -1.0652	 38.4405	 0.9930	
17	 190.84	 eg	(q)	 -41.5507	 38.4396	 1.0000	 -25.3664	 -41.5507	 38.4407	 1.0000	18	 249.63	 t1u	 -0.3751	 38.4401	 0.9624	 -9.5143	 -0.3751	 38.4405	 0.9831	19	 256.15	 t1u	 1.7536	 38.4389	 0.9797	 -43.2987	 1.7536	 38.4408	 0.9996	
20	 264.89	 t1u	 -14.2432	 38.4402	 0.9999	 -19.7061	 -14.2432	 38.4411	 1.0000	




Mode	#	 Slope	D	 Slope	D	 Slope	Eg(1a)	 Slope	Eg(1b)	19	 0.00053537	 0	 0	 0	20	 0.00092631	 -2.6640134	 -4.2688407	 -1.059186	21	 -4.654E-05	 -0.529593	 0	 -1.059186	22	 0.0015708	 -3.2257029	 -16.08037	 9.62896392	23	 -0.0250729	 5.87366799	 16.0482732	 -4.3009372	24	 0.00071768	 1.74E-16	 0	 0	25	 0.00169149	 0	 0	 1.74E-16	
26	 -1.1178665	 1425.58416	 1425.05456	 1426.11375	27	 -0.0005787	 0	 3.4799E-16	 0	28	 -0.0012675	 0.54564129	 78.3797663	 -77.288484	29	 -0.0516639	 12.3090255	 71.8320709	 -47.21402	30	 0.01033958	 -3.7552959	 -5.3601233	 -2.1504686	31	 -0.0003216	 -1.6208756	 -1.0912826	 -2.1504686	




Mode	 Slope	D	 Slope	D	 Slope	Eg(1a)	 Slope	Eg(1b)	1	 -0.2965432	 4.28488895	 14.9890872	 -6.4193093	2	 3.2097E-05	 6.3299E-28	 0	 -6.33E-28	3	 -3.21E-05	 6.3299E-28	 0	 -6.33E-28	4	 0.71126107	 -10.704198	 -41.757607	 20.3492104	5	 -1.027E-05	 6.3299E-28	 0	 -6.33E-28	6	 0.67560823	 -5.8897163	 -26.76852	 14.9890872	
7	 -3.9210637	 324.945436	 209.84722	 440.043651	8	 0.0002465	 6.3299E-28	 0	 -6.33E-28	9	 5.3601E-05	 6.3299E-28	 0	 -6.33E-28	10	 3.2097E-05	 6.3299E-28	 0	 -6.33E-28	
11	 -21.239228	 468.882398	 671.170882	 266.593914	12	 -0.0001608	 0	 0	 -6.33E-28	
13	 5.82318237	 65.846065	 -1179.869	 1311.56118	14	 4.3009E-05	 6.3299E-28	 0	 -6.33E-28	15	 0.06474965	 -1.6048273	 -18.198742	 14.9890872	16	 0.00251605	 6.3299E-28	 0	 -6.33E-28	17	 -26.834335	 1090.48016	 950.763898	 1230.19643	18	 -2.15E-05	 6.3299E-28	 0	 -6.33E-28	19	 9.629E-05	 0	 0	 -6.33E-28	20	 0.68061561	 -19.803569	 -29.978174	 -9.6289639	
21	 11.7991234	 -404.70535	 -500	 -309.41071	22	 0.66544133	 -11.24984	 -58.897163	 36.3974836	23	 -6.419E-05	 6.3299E-28	 0	 -6.33E-28	24	 7.85261972	 -193.25331	 -296.57209	 -89.934523	25	 -0.0003961	 6.3299E-28	 0	 -6.33E-28	26	 -2.118E-05	 6.3299E-28	 0	 -6.33E-28	27	 0	 6.3299E-28	 0	 -6.33E-28	28	 0.97688856	 -29.448581	 -28.918988	 -29.978174	29	 18.7351602	 -932.01951	 -663.82077	 -1200.2183	30	 -0.0001499	 6.3299E-28	 0	 -6.33E-28	31	 -0.9524522	 49.7817435	 54.5962254	 44.9672615	32	 7.64E-14	 6.3299E-28	 0	 -6.33E-28	33	 -4.301E-05	 6.3299E-28	 0	 -6.33E-28			 	
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3,	0,	0	 5,	0,	0	 5,	17,	15	 5,	45,	50	 5,	17,	15	 5,	45,	50	1	 -0.2273	 -0.2794	 -0.2965	 -0.2576	 -0.5871	 -0.2532	2	 0	 0	 0	 0.0001	 0	 -0.0448	3	 0	 0	 0	 0	 0	 0.0894	4	 0.7777	 1.0164	 0.7113	 0.6274	 1.7114	 1.3292	5	 0	 0	 0	 0	 0	 -0.0544	6	 0.2846	 0.4515	 0.6756	 0.4979	 1.5295	 1.1722	
7	 -6.058	 -4.8411	 -3.9211	 -3.84	 -4.5804	 -3.3889	8	 0.0004	 0.0003	 0.0002	 0.0003	 0.0002	 0.0734	9	 0	 0	 0.0001	 0.0001	 0.0001	 -0.0132	10	 0	 0	 0	 0.0001	 0	 -0.1206	
11	 -14.7181	 -19.1021	 -21.2392	 -22.3501	 -21.5445	 -22.7663	12	 -0.0002	 -0.0002	 -0.0002	 -0.0001	 -0.0002	 -0.0137	
13	 4.5268	 5.1848	 5.8232	 6.1238	 5.4454	 5.7397	14	 0.0001	 0.0001	 0	 0.0001	 0.0001	 0.0824	15	 -0.0668	 -0.2	 0.0647	 0.0575	 -0.4353	 -0.4704	16	 0.0028	 0.0028	 0.0025	 0.0027	 0.0024	 0.0229	17	 -30.4986	 -29.7585	 -26.8343	 -28.5514	 -25.071	 -28.34	18	 0	 0.0001	 0	 0	 0.0001	 0.0939	19	 0.0001	 0.0001	 0.0001	 0.0001	 0.0001	 -0.0287	20	 0.7616	 1.0264	 0.6806	 0.6038	 1.4691	 1.3449	







































































	!	UKS	BP86	def2-TZVP	def2/J	Opt		RI	TIGHTSCF	Grid7	NoFinalGrid	GridX9	NoFinalGridX	!	SlowConv	PrintBasis	normalprint	%scf		 	MaxIter	1000		 	Shift	Shift	0.5	ErrOff	0.1	end	end	%pal		 	nprocs	8	end	%maxcore	9000	*	xyzfile	2	5	structure.xyz		
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